I
n the United States, between 4% and 16% of hospitalized patients suffer an adverse event (1, 2) . The extent to which these events are preventable is unknown. Many adverse events culminate in acute respiratory and/or cardiovascular instability. Premonitory signs and symptoms of cardiopulmonary instability are often present for many hours before clinical deterioration (3) (4) (5) (6) (7) (8) . With early identification and treatment, it may be possible to prevent progression to cardiopulmonary arrest (3) (4) (5) (6) (7) (8) . This rationale has led to the development of the rapid response system (RRS) concept.
RRSs are built on specialized teams of caregivers who identify and treat patients with early signs of clinical deterioration on general hospital wards. Although it has been common to use various terms to describe these teams, such as rapid response teams, medical emergency response teams, medical emergency teams, patient-at-risk teams (9) , or critical care outreach teams, recent recommendations have been made to clarify the nomenclature in this field (10) . We will follow these recommendations, referring to medical emergency teams/medical emergency response teams as those led by a physician, rapid response teams as those led by a nurse with or without physician consultation available, and critical care outreach teams as those teams that follow general ward patients looking for signs of deterioration. We will use the term RRS to broadly include all of these team possibilities.
Over the last decade, RRSs have been widely implemented in Australia and the UK (11) . They are now becoming common in the United States. Although some have even suggested it is malpractice not to have such a team (12) , their effectiveness remains uncertain. Recently, the results of a large randomized study called their efficacy into question (13) . The purpose of this study is to conduct a systematic review of the literature to evaluate the impact of RRSs on hospital mortality and cardiac arrest rates.
METHODS
Literature Search. We conducted this review in accordance with QUOROM Group recommendations (14) . To identify literature in electronic databases, we searched MEDLINE (from January 1, 1990, to June 30, 2005) via PubMed using the MeSH terms: patient-care team OR heart arrest. We also used the following text terms: medical emergency response teams, medical emergency teams, rapid response teams, patient at risk teams, and critical care outreach teams both as free-text and framed by quotations. We restricted the search to the English language and by age category (all adults: Ն19 years) using the limits function of PubMed. We searched EMBASE (from January 1990 to June 2005) and the Cochrane Library (July 2005, Issue 4) using a similar multiapproach strategy. We reviewed references cited in pertinent articles and used the "related articles" function of PubMed to further expand the search.
Inclusion/Exclusion Criteria and Data Abstraction. Inclusion criteria were established a priori. We included studies that provided empirical data on outcomes in control and intervention groups. We excluded studies if they did not include controls, did not evaluate mortality or cardiac arrest rate, examined any out-of-hospital events, evaluated inhospital "code team" performance or other in-hospital postarrest interventions, or evaluated services whose care was restricted to only those patients recently discharged from the intensive care unit.
We assessed eligibility and performed the data abstraction independently in an unblinded standardized manner. Two authors (BDW, PJP, SB, or EAH) evaluated each article. We resolved any discrepancies by consensus.
We used a structured data collection instrument to abstract the following information: hospital size, teaching status (do they have residents/fellows or not), study design, triggers used for team activation, and outcome estimates. Whenever possible, we used the adjusted estimates. One study had two control groups (15) and we combined the data for the two control groups adapting the methods of Greenland and Longnecker (16) . We classified study design based on type of controls (historical, concurrent, or randomized). Alert criteria that were used to activate the RRS were classified as physiologic variables (heart rate, respiratory rate, blood pressure, peripheral oxygen saturation, temperature); specific symptoms (change in mental status, chest pain, seizure activity, dyspnea); or critical laboratory values (chemistries or electrolytes that were out of the normal range for that institution).
To evaluate for potential bias, we abstracted the following: comparability of intervention and control groups, whether the results were adjusted for differences between intervention and control groups, and whether explicit definitions for outcomes were provided. The comparability of the controls was defined as similar (concurrent controls and similar demographics), unclear (historical controls with similar demographics), or different (different demographics). We did not use a formal or aggregated score for quality assessment because such use can produce inconsistent results (17) and study methodology varied.
Data Analysis. Abstracted data were entered into a database and analyzed using statistical software (STATA 8.3, STATA, College Station, TX). Descriptive statistics were used to evaluate summary and study characteristics. Results are summarized as relative risk with 95% confidence intervals (CIs). We pooled data for randomized trials and observational studies (concurrent and historical cohorts) separately using the DerSimonian-Laird random-effects model (18) . A chi-square test was used to test for heterogeneity. A two-sided p Ͻ .05 was considered statistically significant.
RESULTS
Study Selection. Figure 1 shows the study selection process. Our search identified 10,228 relevant abstracts. We in- (26) ; c performed at 23 teaching and nonteaching hospitals with a wide range of beds. Study design: concurrent ϭ observational with concurrent controls; historical ϭ observational with historical controls; randomized ϭ cluster randomized. Events are hospital death or cardiac arrest, whichever was higher.
cluded eight studies in our final analysis (13, 15, 19 -24) (Table 1) . Of the included studies, six were observational. Five of these six used historical controls (19 -23) and one used concurrent controls (15) . One study used a cluster-randomized design within a single hospital (24) and one used a cluster-randomized design across multiple hospitals (13) . Table 2 describes the potential for bias of the included studies. Lack of comparability between controls and study groups, unclear outcomes, and nonadjustment for demographic differences may all introduce bias. None of the eight studies had a control group that was clearly comparable to the intervention (RRS) group, either because studies used historical controls or because they differed in key patient characteristics. Three studies with clear differences attempted to adjust their data, as did one where it was unclear if there were differences. Half of the studies did not adjust for differences between treatment and control groups.
Of the eight studies that reported their "alert criteria," all used heart rate, respiratory rate, blood pressure, and mental status abnormalities to activate the team (Table 3) . A majority also included "worry" on the part of the ward staff (13, 15, 19 -21) , decrements in oxygen saturation (19 -23) , and specific symptoms such as seizures or chest pain (13, 15, (21) (22) (23) . Half of the studies reported using low urine output (19, 20, 23, 24) and one used abnormal laboratory values as "alert criteria" (23) . The percentage of time a particular abnormality was documented as the reason for an RRS activation varied widely in the studies that reported such data. Multiple abnormalities were often cited in the same patient (such as tachypnea and tachycardia); hence, the sum of the percentages exceeds 100% in Table 3 .
Hospital (13, 24) . For the observational studies, the pooled relative risk for mortality, comparing RRSs with controls, was 0.87 (95% CI 0.73-1.04) in favor of the RRS intervention (Fig. 2) . The p value for heterogeneity was .03. Within observational studies, the one study with concurrent controls (15) had a higher relative risk for mortality than the other studies, which used historical controls. Studies that use concurrent controls tend to have lower risk for bias than those with historical controls. In the two clusterrandomized trials, the pooled relative risk for hospital mortality, comparing RRSs with controls, was 0.76 (95% CI 0.39 -1.48) in favor of the RRS intervention (Fig. 3) . The p value for heterogeneity was .01. Neither result for hospital mortality improvement was statistically significant.
In-Hospital Cardiac Arrest. Five studies reported hospital cardiac arrest data: four observational (15, 19 -21) and one cluster-randomized (multicentered) (13) . For the observational studies, the pooled relative risk for hospital cardiac arrest, comparing RRSs with controls, was 0.70 (95% CI 0.56 -0.92) in favor of the RRS intervention (Fig. 4) . Although this result was statistically significant, the p value for heterogeneity was Ͻ.01 (suggests heterogeneity). The small number of studies precluded a detailed analysis of the study characteristics that could potentially explain this heterogeneity. Results are less reliable when heterogeneity is great. The relative risk for hospital cardiac arrest, comparing RRSs with control, in the cluster-randomized study was 0.94 (95% CI 0.79 -1.13). 
ϩ, criteria used to activate RRS but no information on the proportion of calls due to that particular criteria available; Ϫ, criteria not used to activate RRS; "Worry," ward staff worry or concern; NR, not reported.
a Used a composite "patient-at-risk" score that incorporated these individual abnormalities in determining that score. Values are proportion (%) of calls due to particular criteria.
Unanticipated ICU Admission.
Four studies reported unanticipated intensive care unit admission data: Three were observational (15, 20, 21) and one clusterrandomized (13) . For the observational studies, the pooled relative risk for a reduction in unanticipated intensive care unit admission, comparing RRSs with control, was 0.84 (95% CI 0.55-1.26) in favor of the RRS intervention (data not shown). The relative risk for a reduction in unanticipated intensive care unit admission in the multicentered, clusterrandomized study was 1.04 (95% CI 0.89 -1.21) against the RRS intervention (data not shown).
DISCUSSION
In this systematic review, we found weak to moderate evidence that RRSs are associated with a reduction in hospital mortality and cardiac arrest rates. There is weak evidence that RRSs are associated with mortality reduction among observational and randomized trials, although the results were heterogeneous and the confidence intervals for the pooled randomized data were wide. There is moderate evidence that RRSs are associated with a reduction in cardiac arrest rates, although the evidence is derived primarily from observational studies and the randomized trial showed no effect.
In view of the limitations of the evidence and the heterogeneity of study results, it seems premature to declare RRSs as the standard of care (12) . Indeed, there is much to be learned before RRSs can be widely recommended. The optimal composition of the team is uncertain. In the majority of the studies evaluating RRSs, the system used a medical emergency team led by a critical care physician (10, 15, 19, 20, 22, 25) . There are insufficient data to evaluate the efficacy associated with teams of alternative composition (medical emergency teams vs. rapid response teams). Second, the cost-effectiveness of RRSs in comparison to other interventions that may improve patient outcome-such as increased nurse staffing (26), use of hospitalists (27) and/or intensivists (28) , or use of automated monitoring systems (29, 30) -is unknown. Third, strategies for optimizing RRS utilization should be further explored. Several studies suggest that these systems are underused within their institutions (15, 31) . Some have suggested that continuing education is critical to RRS success (32) . Further research should determine the most appropriate triggers for activation of the RRS and evaluate the relative effectiveness and efficiency of alternative strategies to prevent patients from deteriorating.
In addition, all studies included in our meta-analysis primarily used physiologic variables to activate the system. The relative importance of other RRS triggers remains uncertain. For example, is nursing staff "concern" for a patient's wellbeing more important than vital sign abnormalities? What role should a patient's family's concerns have in RRS activation? Do aggregate scores incorporating multiple factors work better than individual values? Finally, the mechanism of benefit for RRSs should be further explored. It is unknown whether RRSs benefit patients through the direct intervention of the team or through the education of the ward staff associated with the teams or both. This education process may empower nurses in the early recognition of and response to critically ill patients (21) . What role does/should the RRS perform at the bedside? Do RRSs just offer timely triage of patients to the intensive care unit? Is the primary benefit of RRSs medical at all? RRSs may help in establishing limitations of care for dying patients (20, 23, 33) . Moreover, might RRSs just be a "workaround" that fails to address an underlying cultural problem? For example, one nurse stated that RRSs simply replaced critical care physicians, who listen to their concerns, with surgeons, who do not. Yet should not all physicians listen to a concerned nurse?
We recognize several potential limitations of our study. First, any systematic review is limited by the quality of the individual studies. We have attempted to describe the key quality features for all included studies. Second, most studies were conducted in academic medical centers. These centers tend to have different physician staffing models (housestaff), potentially limiting the generalizability of our findings to nonteaching institutions. Third, we stratified the study results into randomized and nonrandomized trials. The methods of how best to combine evidence from these types of studies are uncertain. As mentioned previously, it is generally recognized that nonrandomized studies, compared with randomized studies, overestimate treatment effects (32) . Fourth, our review was limited to English language studies only. There may have been published studies in other languages that we did not include. Fifth, our ability to account for heterogeneity among and within studies may be incomplete. In many of the observational studies, differences between control and intervention groups exist and these may have biased their results. Finally, we limited our meta-analysis to three outcomes that are commonly reported in these types of studies. It is possible that the potential benefits of RRSs may extend to other outcomes that are not frequently quantified in comparative studies. For instance, RRS programs may be a powerful tool for detecting medical errors as we develop better ways to address patient safety and quality of care (34) .
Despite these limitations, this study is the first known attempt to quantitatively summarize the literature on the efficacy of RRSs. It represents the best available evidence for the implementation of RRS programs.
CONCLUSION
This systematic review found that RRSs are associated with a reduction in mortality and cardiac arrest rates. However, limitations in the quality of the original studies, the wide confidence intervals, and the presence of betweenstudy heterogeneity limit our ability to conclude that RRSs are effective interventions for preventing hospital mortality, cardiac arrests, or intensive care unit admissions. Large randomized trials are needed to provide more precise estimates of the effects and costs of RRSs. Rather than adopting RRSs as a standard, hospitals should consider the risks and benefits of RRSs compared with other safety interventions that allow for early recognition and treatment of patients whose clinical status is deteriorating. Further research is needed to evaluate whether, how, and at what costs RRSs are associated with improved patient outcomes.
